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BOLOMETRIC DETECTOR WITH A
COMPENSATION BOLOMETER HAVING AN
ENHANCED THERMALIZATION

FIELD OF THE INVENTION

The present invention relates to bolometric detectors, and
more specifically to bolometric detectors having suspended
microbridges associated with one or a plurality of skimming,
branches comprising compensation bolometers. The inven-
tion may particularly be applied 1n bolometric detection at
ambient temperature, infrared radiation detection, especially
infrared 1maging, terahertz radiation detection, especially
terahertz imaging, thermography, and gas detection by mea-
surement of the optical absorption in the infrared spectrum.

BACKGROUND OF THE INVENTION

A resistive bolometric detector usually measures the
power ol an incident radiation 1n the inirared range. For this
purpose, 1t comprises an absorbing resistive bolometric
clement which converts the light flow 1nto a heat flow, which
causes a temperature rise of said element with respect to a
reference temperature. Such a temperature increase then
induces a variation of the electric resistance of the absorbing
clement, causing voltage or current variations thereacross.
Such electric variations form the signal delivered by the
SENnsor.

However, the temperature of the bolometric element
usually largely depends on the environment thereof, and
especially on the temperature of the substrate which com-
prises the electronic read circuit. To make the absorbing
clement as little sensitive as possible to 1ts environment, and
thus to increase the detector sensitivity, the bolometric
clement 1s generally thermally nsulated from the substrate.

FIG. 1 1s a simplified perspective view of an elementary
state-oi-the-art resistive bolometric detector 10 for infrared
detection 1llustrating this thermal nsulation principle. Such
an eclementary detector, usually called “bolometer”, or
“bolometric microbridge”, here 1n the form of a suspended
membrane, 1s conventionally part of a one- or two-dimen-
sional array of elementary detectors.

Bolometer 10 comprises a thin membrane 12 absorbing
the incident radiation, suspended above a substrate—support
14 via two conductive anchoring nails 16 to which it 1s
attached by two thermal insulation arms 18. Membrane 12
usually comprises a layer of electric msulator, such as for
example S10,, S10, SiN, S1ON, 7ZnS or other, which pro-
vides the mechanical stiffness of membrane 12, as well as a
metallic electric interconnection layer deposited on the
insulating layer.

A thin layer 20 of resistive thermometric material 1s
turther deposited at the center of membrane 12 on the metal
interconnection layer, especially a layer of semiconductor
maternial, such as p- or n-type polysilicon or amorphous
silicon, lightly or strongly resistive, or a vanadium oxide
(V,0., VO,) processed 1n a semiconductor phase, or tita-
nium, titantum oxide (T10x), or nickel oxide (N10Ox).
Finally, substrate-support 14 comprises an electronic circuit
integrated on a silicon wafer, usually known as “read cir-
cuit”. The read circuit comprises, on the one hand, the
clements for stimulating and reading from thermometric
clement 20 and, on the other hand, the multiplexing com-
ponents which enable to serialize the signals originating
from the different thermometric elements present in the
array detector.
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In operation, membrane 12 heats up under the effect of an
incident electromagnetic radiation and the generated heat
power 1s transmitted to layer 20 of thermometric material.
Periodically, the read circuit arranged 1n substrate 14 biases
membrane 12 by submitting nails 16 to a bias voltage and
collects the current tlowing through thermometric element
20 to deduce a variation of the resistance thereof, and thus
the 1incident radiation having caused said variation.

While the fact of suspending the thermometric element
above the substrate enables 1t to undergo an electric resis-
tance variation under the effect of the incident radiation,
such a variation however remains minute. Indeed, in the
context of the elementary bolometric detector of FIG. 1, at
300° K, a varniation by 1 K of the observed scene 1induces a
relative variation of the electric resistance of thermometric
layer 20 by approximately 0.04%. Indeed, most of the value
of the electric resistance of this element 1s mainly dictated by
the direct environment of the membrane. Particularly, the
substrate influences the temperature of membrane 12 via the
thermal conduction through nails 16 and arms 18, which sets
approximately 70% of the value of the electric resistance of
layer 20. In the best case, less than 10% of the value of the
clectric resistance, and more generally less than 1% thereof,
are set by the incident radiation. The most part of the electric
resistance of thermometric material layer 20 being set by
clements unrelated to the observed scene, when no specific
measures are taken, the detector read dynamic range 1s thus
very limited, which makes such a detector very difhicult to
use.

To overcome this 1ssue, the elementary bolometric detec-
tor 1s associated with a compensation or skimming structure,
aiming at removing the non-useful part of the signal origi-
nating from the reading from the thermometric element of
the membrane, usually known as “common-mode” signal.

FIG. 2 1s an electric diagram of an infrared bolometric
detector 200 of the state of the art comprising such a
skimming structure. Detector 200 comprises a two-dimen-
sional array 202 of unit detection elements 204, or “pixels”,
cach comprising a sensitive bolometer 206 1n the form of a
membrane suspended above a substrate, for example, the
bolometer illustrated 1n FIG. 1, connected at one of its
terminals to a constant voltage “V ... and at the other
terminal to a MOS biasing transistor 208 setting the voltage
across bolometer 206 by means of a gate control voltage
“Gper . Pixel 204 also comprises a selection switch 210,
connected between MOS ftransistor 208 and a node “A”
provided for each column of array 202, and driven by a
control signal “SELECT”, enabling to select bolometer 206
for the reading therefrom. The two-dimensional assembly of
suspended membranes, usually called “retina”, 1s placed 1n
a tight package in line with a window transparent to the
inirared radiation to be detected and 1n the focal plane of an
optical system (not shown). Transistor 208 and switch 210
are usually formed i1n the substrate under control of the
membrane of bolometer 206.

Detector 200 also comprises, at the foot of each column
of array 202, a skimming structure 212 comprising a com-
pensation bolometer 214 i1dentical to bolometers 206 of
pixels 204 from an electrothermal viewpoint and made
insensitive to the incident radiation originating from the
scene to be observed by being “thermalized” to substrate 14.
The electric resistance of bolometer 214 1s thus essentially
dictated by the temperature of substrate 14.

Bolometer 214 1s further connected at one of its terminals
to a constant voltage “V ./, and skimming structure 212
further comprises a biasing MOS transistor 218 setting the
voltage across bolometer 214 by means of a gate control




US 9,482,581 B2

3

voltage “Gerrn,s and connected between the other terminal
ol bolometer 214 and node “A”.

Detector 200 also comprises, at the foot of each column
of array 202, an integrator 220 of CTIA type (“capacitive
transimpedance amplifier”) for example comprising an
amplifier 222 and a capacitance 224 connected between the
inverting input and the output of amplifier 222. The mvert-
ing terminal and the non-inverting terminal thereof are
turther respectively connected to node “A” and to a constant
voltage “VBUS”. A switch 226, driven by a signal “RAZ”,
1s also provided in parallel with capacitance 224, for the
discharge thereot. The outputs of CTIAs 220 are eventually,
for example, connected to respective sample-and-hold
devices 228 for the delivery of voltages “Vout” of the CTIAs
in multiplexed mode.

Finally, detector 200 comprises a management unit 230
controlling the different previously-described switches. In
operation, array 202 1s read from line by line. To read from
a row of array 202, switches 210 of the line of pixels 204 are
turned on and switches 210 of the other lines are turned ofl.
After a phase of discharge of the CTIA capacitors at the foot
of the columns, achieved by the turning-on of switches 226
tollowed by their turming-ofl, a circuit such as shown in FIG.
3 1s thus obtained for each pixel of the line being read. A
current “lop” tlows 1n bolometer 206 of the pixel under the
ellect of 1ts voltage biasing by MOS transistor 208, and a
current “Is” flows 1n bolometer 214 of the skimming struc-
ture under the eflect of its voltage biasing by MOS transistor
218. The resulting current difference 1s integrated by CTIA
220 for a predetermined integration period “Tint”. Output
voltage “Vout” of CTIA 220 thus 1s a measurement of the
variation of the resistance of bolometer 206 caused by the
incident radiation to be detected since the non-useful part of
current “lop”, that 1s, the substrate temperature, and thus the
ambient temperature, 1s at least partly compensated for by
current “Is” specifically generated to reproduce this non-
usetul part. Since the substrate temperature 1s compensated
for, 1t may freely vary and 1t 1s thus not needed to provide
devices for controlling the substrate temperature, particu-
larly a Peltier cooler.

According to a first specific design of the state of the art,
compensation bolometer 214 comprises a stack i1dentical to
the stack forming the suspended portion of the membrane of
bolometers 206, and thus the suspended membrane of
bolometers 206 without the thermal 1nsulation system essen-
tially comprising thermal insulation arms 18, directly
formed on top and/or inside of substrate 14. This {irst
configuration however requires a design diflerent from that
of sensitive bolometers, which complicates the detector
manufacturing.

According to a second specific configuration of the state
of the art, compensation bolometer 214 comprises all the
clements forming sensitive bolometers 206 of array 202. The
membrane of bolometer 214 1s thermalized to the substrate
by elements having a low thermal resistance, for example,
metal elements, rigidly attached to the membrane and to the
substrate and arranged at the membrane periphery. These
clements thus form thermal short-circuits between the mem-
brane and the substrate so that these elements have the same
temperature.

FIGS. 4A and 4B respectively are cross-section views of
a sensitive bolometer and of a compensation bolometer of
the state of the art, for example, of the type described in
relation with FIG. 1, the cross-section views corresponding,
to cross-section plane IV-1IV of FIG. 1. As can be observed,
compensation bolometer 214 differs from sensitive bolom-
cter 206 1 that 1t comprises two metal elements 300
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arranged on either side of bolometer membrane 12 at the
periphery thereof. Such a configuration enables to manufac-
ture compensation bolometer 214 substantially 1dentically to
the manufacturing of sensitive bolometer 206, except for
elements 300. Due to elements 300, the detector manufac-
turing 1s thus simpler and less expensive but the manufac-
turing of the compensation bolometer however remains
complex.

Although the skimming structure just described provides
satisfactory results, it can however be observed that the
thermalization of compensation bolometers 214 to the sub-
strate 1s msuilicient to exactly compensate for the tempera-
ture thereol. Further, thermal short-circuits 300 being
formed at the periphery of membrane 12 of compensation
bolometers 214, the latter require additional technological
manufacturing steps and are more bulky than sensitive
bolometers 206, which adversely affects the miniaturization
and/or the filling factor of compensation bolometers.

It should be noted that this 1ssue arises whatever the type
of circuit used to bias and “read” from the array of sensitive
bolometers. In the previously-described state of the art, a
voltage biasing 1s considered. The 1ssue also arises in
current-biased detectors, the read signal then being a difler-
ence between the voltages across sensitive bolometers and
the voltages across compensation bolometers.

Similarly, this 1ssue arises whatever the number of com-
pensation bolometers provided 1n the detector. Particularly,
one compensation bolometer may be provided for each
sensitive bolometer. Also, a compensation bolometer may be
formed by the series connection of unit compensation

bolometers of the type just described in order to decrease,
for example, the column noise. The same 1ssue thus arises.

SUMMARY OF THE INVENTION

The present invention aims at providing a bolometric
detector comprising compensation bolometers based on sus-
pended membranes having an increased thermalization to
the substrate.

For this purpose, the invention aims at a bolometric
detector comprising;

a substrate;

bolometric detection microbridges suspended above the

substrate and thermally msulated from the substrate;
bolometric compensation microbridges suspended above
the substrate and thermalized to the substrate; and

a read circuit formed 1n the substrate to apply a biasing to

the detection microbridges and to the compensation
microbridges and to form differences between signals
generated by detection microbridges and signals gen-
erated by compensation microbridges under the effect
of the applied biasing.

In the detector, each detection microbridge and each
compensation microbridge comprises electrically-conduc-
tive anchoring nails connected to the read circuit, a mem-
brane attached to the anchoring nails above the substrate and
a thermometric element arranged 1n the membrane, and the
detector further comprises thermal short-circuit elements
between the membrane of each compensation microbridge
and the substrate

According to the invention, the thermal short-circuit
clements under each compensation microbridge comprise
metal patterns arranged under the bolometric element of
cach compensation microbridge and in contact with the
membrane of the compensation microbridge and of the
substrate.
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In other words, the volume existing between the mem-
brane and the substrate 1s used to house thermal connections
between the two elements. Not only are the connections
arranged at closest to the thermometric element to be
thermalized, but 1t 1s Turther possible to provide a significant
number of thermal short-circuits. An increase thermalization
1s thus obtained. Further, the thermalization may be obtained
by means of these short-circuits alone, without using short-
circuit elements at the membrane periphery. The compen-
sation bolometers can thus have a decreased bulk. Eventu-
ally, the manufacturing of compensation bolometers can be
simplified by manufacturing the short-circuit elements 1den-
tically to the anchoring nails suspending the membranes of
the detection and compensation microbridges.

According to an embodiment, the membranes of the
compensation microbridges are identical to the membranes
of the detection microbridges. Particular, the compensation
microbridges are 1dentical to the detection microbridges.

According to an embodiment, the metal patterns are
identical to the anchoring nails suspending the membrane of
the compensation microbridge.

According to an embodiment, the metal patterns are
clectrically insulated from the thermometric element of the
compensation microbridge.

According to an embodiment, the metal patterns substan-
tially are cylinders having a circular cross-section with a
diameter 1n the range from 0.25 micrometer to 5 microms-
eters.

According to an embodiment, the number of metal pat-
terns 1s 1n the range from 0.5 to 1.5 patterns per um?>,
particularly 1 pattern per um~. Particularly, with cylindrical
patterns having a diameter in the range from 0.5 um to 5 lm,
the number of patterns for a membrane of 10x10 pm~ is in
the range from 1 to 100.

The invention also aims at a method of manufacturing a
detector of the above-mentioned type, comprising:

forming the substrate and the read circuit, the read circuit

comprising metal pads at the locations provided for the
anchoring nails of the detection microbridges and of the
compensation microbridges;

depositing, on the surface of the substrate, a sacrificial

layer;

forming through holes in the sacrificial layer at the

locations provided for the anchoring nails and for the
thermal short-circuit patterns;

metallizing the through holes;

forming the membranes of the detection microbridges and

of the compensation microbridges on the sacrificial
layer; and

removing the sacrificial layer.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present invention will be better understood on read-
ing of the following description provided as an example only
in relation with the accompanying drawings, where the same
reference numerals designate the same or similar elements,
among which:

FIG. 1 1s a simplified perspective view of an elementary
bolometric detector of the state of the art, already described
hereabove;

FIG. 2 1s an electric diagram of an inifrared bolometric
detector of the state of the art, already described hereabove;

FIG. 3 1s an electric diagram illustrating the reading from
a sensitive bolometer of the detector of FIG. 2 by means of
a skimming structure;
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FIGS. 4A and 4B are simplified cross-section views along,
plane IV-1V of FIG. 1 respectively of a sensitive bolometer

and of a compensation bolometer of the state of the art;
FIGS. § to 17 are simplified cross-section views along
plane IV-IV of a method of manufacturing a compensation
bolometer according to the invention; and
FIG. 18 1s a simplified top view ol a compensation
bolometer provided with short-circuit elements according to
the 1nvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

A method of manufacturing a compensation bolometer
214 according to the invention, forming part of a bolometric
detector, for example, a detector of the type described 1n
relation with FIGS. 1 to 3, will now be described 1n relation
with FIGS. 5 to 8.

The method starts with the manufacturing of a substrate
14 and of a read circuit 302 of the detector, as known per se
in the state of the art (FIG. 3). For example, substrate 14
comprises a silicon layer integrating CMOS circuits for the
performing of the read functions (not shown), for example,
the components and circuits 1llustrated in FIG. 2 for biasing
and reading bolometers 206, 214, said layer having a dielec-
tric layer 304, for example, made of silicon oxide (S10,),
covered with a silicon nitride layer (S1,N,) 306, formed
thereon. Dielectric layer 304 integrates the upper intercon-
nection level of read circuit 302. This interconnection level
comprises connection areas 308, 310 at the locations pro-
vided for anchoring nails 16 of the sensitive bolometers and
of the compensation bolometers, metal vias 312, and lower
interconnection areas 314, 316, 318 connected to areas 306,
308 at the surface of substrate 14 by vias 312.

Different technical options may be implemented to inter-
connect areas of different levels. A first option comprises
using metal arecas 308, 318 made of an aluminum layer,
advantageously covered on their opposite surfaces with one
or two titanium or titanium nitride layers 310, 314, 316, and
using a tungsten via 310. According to another option, via
310 1s made with copper according to a known manuiac-
turing method, called damascene, which comprises filling
trenches of a dielectric 304 with copper.

In a next step of the method, a sacrificial layer 320 1s
deposited on substrate 14 and interconnection arcas 308,
said layer being advantageously made of an organic polymer
such as polyimide or benzocyclobutene (BCB) or made of a
mineral silicon oxide or silicon layer (FI1G. 6). Organic layer
320 1s for example deposited by spin coating and undergoes
alter 1ts deposition a thermal crosslinking treatment to be
thermally stabilized. The thickness of sacrificial layer 320
depends on the height desired between the membranes of the
sensitive bolometers and of the compensation bolometers
and the substrate, such a height being usually in the range
from 1 micrometer to 5 micrometers. The thickness of
organic sacrificial layer 320 can easily be set by adjusting
the rotation speed of the spin coating deposition.

Once sacrificial layer 320 has been deposited, through
holes 322 are formed across the total thickness of layer 320
above areas 308 for the sensitive bolometers and the com-
pensation bolometers.

For the compensation bolometers, additional through
holes 324 are formed across the total thickness of layer 320
at locations provided for the subsequent forming of thermal
short-circuit elements, that 1s, under the membranes of the
compensation bolometers subsequently formed on sacrificial

layer 320, as discussed hereafter (FIG. 7). Holes 322, 324
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are advantageously jomntly formed by means of the same
technique, particularly photolithography. These holes for
example take the shape of cylindrical holes having a circular
cross-section with a diameter in the range from 0.25
micrometer to 5 micrometer.

Holes 322, 324 arec then metallized, for example, filled
with tungsten and/or with copper by means of a damascene-
type method (FIG. 8). Anchoring nails 16 of the sensitive
bolometers and of the compensation bolometers, as well as
an assembly of thermal short-circuit elements 326 towards
substrate 14 of the compensation bolometers, are manufac-
tured.

The method then carries on with the deposition of a
dielectric layer 328 on sacrificial layer 320, at least at the
locations provided for the membranes of the compensation
bolometers and advantageously also at the locations pro-
vided for the membranes of the sensitive bolometers, to
obtain identical membranes for the two bolometer types
(FIG. 9). Layer 328 1s for example deposited all over
sacrificial layer 320. Dielectric layer 328, for example, made
of SiN, S1ON, Si1, or S10,, has the function of electrically
insulating the membranes of the compensation bolometers
from thermal short-circuit elements 326.

Dielectric layer 326 1s then etched above anchoring nails
16 1n order to expose them (FIG. 10).

The manufacturing of membrane 12 of the detection and
compensation bolometers then carries on conventionally.

For example, a layer 330 of a material absorbing the
radiation to be detected 1s deposited on dielectric layer 328
and exposed anchoring nails 16 (FIG. 11). Absorbing layer
330 1s also electrically conductive to enable to apply an
clectric biasing through nails 16. For example, absorbing
layer 330 1s made of titanium (11), of titantum nitride (T1N),
of titantum tungsten (11W), of ammonium nitrate (TaN), or
of tungsten nitrate (WN).

Layer 330 1s then etched to define two different patterns
332, 334 used as electrodes for biasing the subsequently-
deposited thermometric material (FIG. 12). A second dielec-
tric layer 338, for example having a composition 1dentical to
that of dielectric layer 328, 1s then deposited on absorbing
layer 330 (FIG. 13) and layer 338 1s etched to define two
opening towards absorbing layer 330 so that the two elec-
trodes 332, 334 will be electrically insulated once the
clement made of thermometric material has been deposited
(FIG. 14). Flement 20 made of thermometric material, for
example, made of amorphous silicon or of vanadium oxide,
1s then deposited on dielectric layer 338 to fill the openings
towards layer 330, thus completing the technological stack-
ing of membrane 12 of the bolometers (FIG. 135).

The membranes are then individualized by etching of
trenches 340 in the stack of membranes 12 (FIG. 16) and
sacrificial layer 320 i1s removed, thus disengaging mem-
branes 12 of the bolometers (FIG. 17).

Compensation bolometers which are structurally 1dentical
to sensitive bolometers but have a diflerent thermal connec-
tion with the substrate due to the presence of thermal
short-circuit elements 326 are thus obtained. Thus, the
membranes of compensation bolometers and the membranes
of sensitive bolometers are 1dentical, and thus have the same
optical and electrical properties. This not only simplifies the
bolometric detector manufacturing method, but also 1mplies
a more accurate common-mode compensation.

It should also be noted that short-circuit elements 326 are
clectrically insulated from layer 20 of thermometric material
by a dielectric layer 328, so that the electric resistance of this
layer 1s not modified by the presence of short-circuit ele-
ments 326.
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FIG. 18 illustrates, for a compensation bolometer, an
example of anchoring nails 16 and thermal short-circuit
clements 326 in top view, membrane 12 being illustrated 1n
dotted lines. As can be observed, a significant quantity of
elements 326 can be formed under membrane 12, {for
example, 1 the form of an array of elements regularly
spaced apart to obtain a homogeneous thermalization of
membrane 12. Advantageously, a maximum number of
short-circuit elements per surface area unit 1s provided,
which enables to optimally thermalize membrane 12.

Of course, other embodiments are possible, particularly as
concerns the shape and the composition of the membranes of
detection and compensation bolometers.

Particular, compensation bolometers comprise a mem-
brane i1dentical to that of sensitive bolometers, which 1s
directly attached to said anchoring nails, without the pres-
ence of thermal 1insulation arms, an additional thermalization
of the membrane to the substrate being thus obtained via the
anchoring nails. As a variation, the membrane of compen-
sation bolometers 1s attached to said nails via arms shorter
than those of sensitive bolometers, which results in increas-
ing the thermalization to the substrate of compensation
bolometers.

What 1s claimed 1s:

1. A bolometric detector comprising:

a substrate;

bolometric detection microbridges suspended above the

substrate and thermally msulated from the substrate;
bolometric compensation microbridges suspended above
the substrate and thermalized to the substrate; and

a read circuit formed 1n the substrate to apply a biasing to

the detection microbridges and to the compensation
microbridges and to form differences between signals
generated by detection microbridges and signals gen-
crated by compensation microbridges under the effect
of the applied biasing,

cach detection microbridge and each compensation

microbridge  comprising  electrically-conductive
anchoring nails connected to the read circuit, a mem-
brane attached to the anchoring nails above the sub-
strate, and a thermometric element arranged in the
membrane;

the bolometric detector turther comprising thermal short-

circuit elements between the membrane of each com-
pensation microbridge and the substrate,

wherein the thermal short-circuit elements under each

compensation microbridge comprise metal patterns
arranged under the bolometric element of the compen-
sation microbridge and in contact with the membrane
of the compensation microbridge and of the substrate
and wherein the short-circuit elements are electrically
insulated from the thermometric element by a dielectric
layer.

2. The bolometric detector of claim 1, wherein the mem-
branes of the compensation microbridges are 1dentical to the
membranes of the detection microbridges.

3. The bolometric detector of claim 1, wherein the metal
patterns are 1dentical to the anchoring nails suspending the
membrane of the compensation microbridge.

4. The detector of claim 1, wherein the metal patterns are
clectrically insulated from the thermometric element of the
compensation microbridge.

5. The bolometric detector of claim 1, wherein the metal
patterns are substantially cylinders having a circular cross-
section with a diameter 1n the range from 0.25 micrometer
to 5 micrometers.
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6. The bolometric detector of claim 1, wherein the number
of metal patterns is in the range from 0.5 to 1.5 per um~.
7. A method of manufacturing the bolometric detector of
claim 1, wherein the method comprises the steps of:
forming the substrate and the read circuit, the read circuit 5
comprising metal pads at locations provided for the
anchoring nails of the detection microbridges and of the
compensation microbridges;
depositing on the surface of the substrate a sacrificial
layer; 10
forming through holes in the sacrificial layer at the
locations provided for the anchoring nails and for the
thermal short-circuit patterns;
metallizing the through holes;
forming the membranes of the detection microbridges and 15
of the compensation microbridges on the sacrificial
layer; and
removing the sacrificial layer.
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